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Abstract 

The thesis focuses on the laser interaction with matter with application on deposition and 

characterization of thin films with functional properties. The topic has a high degree of 

interdisciplinarity involving fundamental areas such as physics, biology and chemistry. 

Nowadays, the utility of developing nanoscale processing and analysis technologies has led to 

significant advances in equipment manufacturing. An important factor in their development is 

played by thin film deposition based on criteria such as low cost, weights and small dimensions. 

Two directions are examined: a) deposition of polymeric and biological thin films using 

Matrix Assisted Pulsed Laser Evaporation (MAPLE) b) deposition of Layered Double 

Hydroxides (LDH) films using Pulsed Laser Deposition (LPD). 

In the first part is described and highlighted the capacity of MAPLE for the deposition of 

PEG-PVA polymer films which have incorporated into their structure an anti-tumor agent. These 

aspects are proposed for study due to applications of biodegradable polymers in the medical field 

and for the anticancerogenic potential of curcumin on cancer cells of osteosarcoma. 

Stability and degradability studies, physico-chemical characteristics, functionality of 

organic molecule demonstrated in in vitro biological studies reveal dependence of thin film 

quality on the solvent used in MAPLE experiments. 

In the second part, Pulsed Laser Deposition was chosen as method for obtaining thin films 

of Layered Double Hydroxides (LDH). The ability of these materials to be tuned in various ways 

directs attention to diverse applications involving chemistry, environmental sciences and devices 

based on sensors. X-Ray Diffraction and Fourier Transformed Spectroscopy in Infrared have 

confirmed the preservation of the crystallinity and chemical structure of bulk deposited as thin 

film by PLD. 

In conclusion, it was demonstrated that laser based thin film deposition technics are 

appropriate to meet the high requirements and standards imposed by the various application 

areas. 
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CHAPTER 1 

Introduction 

1.1 General overview regarding thin films processing 

The multidisciplinary nature of nanoscience, an area at the intersection of the four 

fundamental sciences - mathematics, physics, chemistry and biology - has generated a high 

interest among scientists, resulting in fundamental advances in the basic understanding of the 

various ways of controlling and manipulating matter at the nanoscale, providing 

nanotechnologies the ability to create technological innovations and affordable products with 

considerably improved performance.           

Predetermination of material properties along with better scientific understanding of the 

subject allows the development of concrete ideas who leading to technological innovations. 

These technological innovations do not necessarily require individual atomic control but 

exploitation of bulk solids properties. In fabrication of these devices an important factor is 

played by thin film deposition technologies. The importance of thin films is given by the fact that 

they maintain at least a nanometric dimension. 

1.4 Motivation for the current project 

Nowadays, advances in science and technology involve the development of the ability to 

measure, manipulate and organize matter at the nanoscale. These advances will have a major 

impact on priority areas such as environmental sustainability, health, improvement of living 

conditions and engineering science. However, this miniaturization should not be done only 

quantitatively but also qualitatively. 

An important area involving these requirements is the production and characterization of 

thin films. Through thin films we understand a dimensionally reduced material created by the 

condensation of various atomic, molecular or ionic species of matter, but which preserves the 

functionality of the initial material. The main challenge is to choose the right method of 

deposition. 

Main proposed objectives: a) finding and optimizing experimental parameters used in 

laser-based deposition processes; b) Successful use of Pulsed Laser Deposition (PLD) for the 

production of high quality thin films of  Layered Double Hydroxides (LDH) and LDH 

incorporating organic molecules and chromophores used for various applications; c) physico-

chemical characterization to understand the complex phenomena that occur during the 

deposition; d) Successful use of Matrix Assisted Pulsed Laser Evaporation for the deposition  of 
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polymeric-organic hybrid films; e) study of physico-chemical properties and in vitro testing of 

MAPLE films of great interest for medical applications; 

 

1.5 Configuration of the thesis and short description of each chapter 

The thesis is structured in 5 chapters, each completed by the references; at the end is 

attached the list of publications and presentations of the author at national and international 

conferences. 

The introduction chapter presents the thematic of the paper and the importance of the 

research field in which it was carried out, the motivation for choosing the themes studied in the 

thesis and a brief description of each chapter. 

Chapter 2 presents the state of the art in pulsed laser deposition techniques as well as 

aspects related to the investigation methods of the obtained layers. Thus, relevant information 

about thin film deposition techniques, as Pulsed Laser Deposition (PLD) and Matrix Assisted 

Pulse Laser Evaporation are explained. The main techniques used for morphological and 

structural characterizations are also presented:  AFM (Atomic Force Microscopy), SEM 

(Scanning Electron Microscopy), Spectro-Ellipsometry, Ultraviolet-Visible Spectroscopy (UV-

VIS), X-Rays Diffraction (XRD), Thermal analysis, and biological characterization methods. 

Chapter 3, In vitro testing of curcumin-based composites coatings as antitumoral systems 

against osteosarcoma cells, describes the properties of the materials involved in the study as well 

as the parameters used in MAPLE deposition of PEG-PVA and PEG-PVA with curcumin. The 

experimental results obtained on surface morphology (AFM and SEM studies), structural 

properties (FTIR), degradability and optical properties (SE and UV-VIS studies) are presented 

and commented. 

In chapter 4, Thin films deposition of the hybrid organo-layered double hydroxides with 

photofunctional guest molecules within layered double hydroxides (LDH) host matrix are 

presented the properties of these materials, their field of applicability as well as the parameters 

used for their obtaining in the form of powders and subsequently as thin films by Pulsed Laser 

Deposition.  
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CHAPTER 2 

Theoretical aspects and experimental methods  

2.2 Laser techniques for thin film deposition 

2.2.1 Pulsed Laser Deposition (PLD) 

Introduction 

The first attempts to grow thin film using the Pulsed Laser Deposition technique are 

mentioned in the 1965 experiments [20] when HM Smith and AF Turner, using a ruby laser, 

ablate material from a target placed in a low-pressure deposition chamber. The poor adherence of 

the ablated species and the uneven thickness of the film were the main features of these 

experiments. 

In 1987, with the publication of successful YBCO thin film deposition [21], the interest in 

producing thin films through this technique increased, and this also involved the development of 

high intensity pulsed laser sources with nano-, pico and femto-seconds time duration. 

The principle of Pulsed Laser Deposition (PLD) process 

Pulsed Laser Deposition is a thin film growth method based on the interaction of the laser 

beam with the target material. The high pulse energy with duration of several nanoseconds and 

in the order of 10
8
-10

9
 W/cm

2 
(corresponding to the Nd: YAG system used in this thesis) is 

absorbed into the target material, and due to rapid energy conversions involving kinetic energy 

and heat, results plasma that transfers the ablated particles to a substrate where the film grows. 

 

Figure 2.1 Schematic representation of the Pulsed Laser Deposition technique [48] 
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2.2.2 Matrix-Assisted Pulsed Laser Evaporation (MAPLE)  

When using high energy laser pulses, direct application to fragile materials is critical, and 

therefore the relaxation and excitation processes specific to these techniques can be improved by 

varying the laser parameters, the material, or both. In MAPLE, a more delicate absorption 

process is obtained without altering the composition of the material. 

In MAPLE [77] [78], a volatile solvent is used as a matrix in which the material of interest 

is dissolved <5 wt%, resulting in a homogeneous mixture. The next step, after dissolving the 

solute in the solvent and obtaining the homogeneous solution, is to fast freeze the mixture with 

liquid nitrogen and obtain a solid target, which will be used later as in PLD experiments [79]. 

When the incident laser radiation hit the solid target, the energy is absorbed by the solvent and is 

converted to thermal energy that produces vaporization of the materials from target surfaces 

[80]. 

 

Figure 2.3 Schematic representation of the Matrix-Assisted Pulsed Laser Evaporation 

technique MAPLE [65] 
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CHAPTER 3 

In vitro testing of curcumin based composites coatings as antitumoral 

systems against osteosarcoma cells  

3.1 Current state of knowledge in the field of anti-cancer coatings 

State-of-the-art in cancer research relies on finding new directions in developing effective 

drugs or bioactive compounds that have minimum cytotoxic effect on healthy cells. This 

objective has pushed scientific research in the field to pursue complex solutions, which combine 

existing technologies and materials. In this paper, studies focused on osteosarcoma (OS) cancer. 

Osteosarcoma (OS) is defined as a neoplasm that is histologically characterized by the 

production of osteoid in association with malignant mesenchymal cells. These tumors are 

generally locally aggressive and tend to produce early systemic metastases. [1] 

Curcumin is a hydrophobic polyphenol derived from the rhizome of the Curcuma longa 

plant. The safety and efficacy of this polyphenol provides a solid basis for being evaluated for 

clinical applications. 

 

Figure 3.1 Chemical structure of curcumin [16] 

Based on preclinical and clinical studies, curcumin showed beneficial effects in several 

types of cancer, such as: liver [26,27], stomach [28], pancreas [29] and others [30-33]. In most of 

these studies, curcumin was delivered orally, but its clinical use is limited because of its low 

bioavailability and hydrophobic nature of the molecule [34], suggesting that the antitumoral 

activity of oral curcumin may be limited to the gastrointestinal tract [35-38]. Therefore, various 

novel methods of preparation and delivery were proposed to improve bioavailability of 

curcumin: polymeric implantable delivery systems [39], micelles [40], nano-delivery systems 

[41-42] and liposomal encapsulation [43]. 
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3.2 Preparation of samples and description of the experimental method involved in 

thin films deposition 

Poly (ethylene glycol)-Poly(vinyl alcohol) –  graft copolymer (PEG-PVA) (Kollicoat® 

IR) 

The polyethylene glycol-polyvinyl alcohol (Polyethyleneglycol) -Poly (vinyl alcohol) graft 

copolymer (commercially available Kollicoat® IR) is a soluble polymeric solution used for fast 

release-controlled applications. 

PEG-PVA is mainly used as a coating material for dosage forms in the immediate release 

of the drug, especially for tablets. 

 

 

Figure 3.2 Chemical structure of Kollicoat IR (PEG-PVA) 

3.2. MAPLE technique 

Target PEG-PVA PEG-PVA+Curcumin 

Solvent (Matrix) Chloroform DMSO H20 H2O+EtOH Benzene 

Concentration of dissolved 

material 

3 % 3% 

Laser wavelength (nm) 266 

Spot size on the target (cm
2
) 0.02-0.03 

Laser fluence (J/cm
2
) 0.4 

Repetition rate (Hz) 10 

Target-substrate distance (cm) 4 

Number of pulses 27000 

Target rotation (rot/min) 40 

Pressure (mbar) 10
-4

 

 

Table 3.1 Parameters used in PEG-PVA and PEG-PVA+Curcumin thin film deposition on 

glass and Si (001) substrates 
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3.3 Results and discussions  

3.3.1 FTIR analysis of PEG-PVA and PEG-PVA + Curcumin thin films 

To evaluate the influence of the solvents on the structural properties of the deposited films, 

FTIR spectra were acquired for films deposited at 400 mJ/cm
2
 laser fluence, with different 

solvents. 

 

 

Figure 3.3 Typical infrared bands for the coatings obtained by MAPLE: PEG-PVA (a) and PEG-

PVA with embedded curcumin (b) 

 

The embedding of curcumin in the biodegradable copolymer coatings was confirmed by 

the changes in the spectra, with bands from PEG-PVA and curcumin predominant in all samples 

obtained with the different solvents.  

In our coatings, the curcumin signature is given by the vibration band at 1185 cm
-1

 and 

1150 cm
-1

, assigned to bending of C-O-C in the phenolic part of the curcumin molecule, 

corresponding to the reported values in the literature. [61]. 
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3.3.3 Surface morphology of PEG-PVA and PEG-PVA + Curcumin thin films 

 

Figure 3.5  AFM images (40 m x 40 m) of PEG-PVA coatings obtained by MAPLE 

using different solvents: benzene (a), chloroform (b), H2O+EtOH (c), H2O (d), DMSO(e)  

As seen in the AFM images, when using chloroform and DMSO as matrix for the MAPLE 

depositions, the coatings were characterized by the presence of few nanometer size 

conglomerates, while in the cases when water and combination of water and ethanol (Fig. 3.5 c, 

d) were used as solvents, surfaces were characterized by micrometer size droplet-like structures. 
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An explanation for the non-continuous coatings characterized by the presence of random 

droplet-like structures is related to the weak absorption of ice water in UV-Vis region, the 

ablation wavelength used in this work being 266 nm. 

Moreover, the curcumin presence within the copolymer coatings led to significant changes 

in the morphology and covering 

 

Figure 3.6  AFM images (40 m x 40 m) of PEG-PVA with curcumin embedded coatings 

obtained by MAPLE using different solvents: benzene (a), chloroform (b), H2O+EtOH (c), H2O 

(d), DMSO (e) 



13 
 

3.3.4 Degradation study of PEG-PVA and PEG-PVA + Curcumin thin films 

The main problems in terms of controlled drug release are the stability and the degradation 

behaviors of the films. 

 

Figure 3.7 Histograms representing the thickness changes after immersing the samples in 

water: PEG-PVA (a) and PEG-PVA with embedded curcumin (b) 

Differences in the thickness of the samples are due to different absorbance of each solvent 

used for the MAPLE experiments, with the highest absorbing efficiency for benzene and the 

lowest for water and ethanol. 

Axial swelling profiles as a function of time showed that the matrix erosion of PEG-PVA 

can be split into two stages. 

The first stage involved a decrease of 10% in the coatings thickness. The main 

characteristic of the PEG-PVAbenzene, PEG-PVAchloroform and PEG-PVADMSO coatings behavior 

upon immersion was a rapid decrease of thickness in the first 3 hours, followed by swelling. 

In the second stage, an increase in thickness up to 10% in the first 48 hours was noticed.  

This increase effect could be explained by the presence of both hydrogels-like components, PEG 

and PVA, in the composition of the thin films obtained by MAPLE (confirmed by FTIR 

analysis), which preserved similar behavior to bulk hydrogels. 
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3.3.5 Curcumin release study 

Curcumin was released by degradation of thin films, regardless of drug solubility in the 

dissolution medium, and its release into water was confirmed by UV-Vis measurements (Figure 

3.9 a-e). The release of curcumin from PVA-PEG copolymers largely depended on the solvents 

used (Fig. 3.9 f).   

 

Figure 3.9 Release of curcumin from PEG-PVA copolymers obtained by MAPLE for 

different solvents: benzene (a), chloroform (b), H2O+EtOH (c), H2O (d), DMSO (e); drug release 

percentage vs. time (f) 

According to our expectations, faster degradation resulted in accelerated drug release, 

behavior confirmed for PEG-PVA+CMwater, PEG-PVA+CMwater-EtOH and PEG-PVA+CMDMSO 

coatings. 

 



15 
 

3.3.6 In vitro cellular response of PEG-PVA and PEG-PVA + Curcumin thin films 

 

Figure 3.11 Cytotoxicity/Viability/Proliferation of MG-63 osteosarcoma cells grown on 

PEG-PVA-curcumin-based thin films for 24 and 72 h. (a) LDH assay (n = 3, mean ± standard 

deviation); (b) Live/Dead assay (live cells are green labeled and dead cells are red labeled); (c) 

MTT assay (n = 3, mean ± standard deviation).   p<0.05;    p<0.01;     p<0.001 (versus control 

substrate).  

As already noticed, curcumin can inhibit the growth of a variety of tumor cells and induce 

apoptosis, so as to exert it's in vivo and in vitro anti-tumor activity [74-76]. In vitro 

cytocompatibility studies performed on the osteosarcoma cell line MG-63 aimed at evaluating 

cytotoxic effects and cell survival and proliferation supporting activities of PEG-PVA with 

curcumin embedded thin films. For all experiments, the glass substrates were used as a control 

sample. 
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Likewise, the MTT proliferation assay (Fig 3.11 c) revealed decreased cell viability of 

MG-63 osteoblasts grown on PEG-PVA+CMH2O-EtOH (P˂0.05) and PEG-PVA+CMDMSO 

(P˂0.01), as compared to the control substrate at 24 h post-seeding. 

These data are consistent with the results reported by Chang et al. [77] showing that MG-

63 osteosarcoma cells were more sensitive to curcumin-induced cytotoxicity than healthy human 

osteoblasts. 

3.4 Conclusions of Chapter 3  

         In this paper we evidenced the capability of the MAPLE technique for the deposition of 

curcumin based composite coatings as anti-tumor drug delivery systems. It was demonstrated 

that solvent represents a key parameter in tailoring the composite coatings morphology, 

thickness and roughness, with impact on coating stability and on its degradation when exposed to 

aqueous media.  

          Rapid degradation characterized by the exponential decrease in thickness was observed for 

PEG-PVA+CMwater and PEG-PVA+CMDMSO thin films, while PEG-PVA+CMwater-ethanol and 

PEG-PVA+CMbenzene had a slower degradation rate. The chemical structure and functionality of 

the curcumin molecules within the biodegradable PEG-PVA copolymer was confirmed by FTIR 

analysis and bioassays.  

           Biological evaluation of the developed PEG-PVA+curcumin-based thin films in terms of 

cell viability and proliferation of MG-63 osteosarcoma cells demonstrated their cytotoxic and 

anti-proliferative potentials. Noteworthy, the most active is the PEG-PVA+CMDMSO thin film. 

           The data demonstrate that MAPLE can be employed for the growth of high quality 

polymeric thin films with embedded anti-tumor compound, which show promising potential for 

biomedical applications.  
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Chapter 4 

Deposition of thin films of layered double hydroxides containing 

photofunctional guest molecules  

4.1 Introduction 

Layered Double Hydroxides (LDH), known as Hydrotalcite (HT) compounds, are a class 

of materials with lamellar structure in which the positive charge of the metallic hydroxide brucite 

layers is compensated by the replaceable anion from interlayer region which can be inorganic, 

metallo-organic anions, molecules containing ionizable acidic groups or organic anions [1]. 

The general chemical formula is as follows: [M
2+

1-xM
3+

x(OH)2]
x+

(A
n-

x/n) • mH2O,  where 

M
2+

 and M
3+

are divalent metal cations (Mg
2+

, Ni
2+

, Zn
2+

 or Co
2+

) respectively trivalent metal 

cations (Al
3+

, Cr
3+

, Fe
3+

, or Ga
3+

) [2] [3], A
n-

 represents an anion with charge n such as CO3
2-

, Cl
-

, NO3
-
  or an interlamellar  organic anion,  and x represents M

3+
/(M

2+
 + M

3+
) ranging between 

0.2 and 0.33 and determines the charge density of the layer and the anion exchange capacity. 

 

Figure 4.1 Schematic representation of the LDH structure 

Structural anisotropy and high anion exchange capacity have led to the rapid expansion of 

research in LDH materials field, nowadays being extensively used in areas such as catalysis, 

fluorescent and optical materials [4-7], medicine and pharmaceutics. [1]  

The main scientific objective of the thesis was the obtaining of hybrid powders made of 

organic chromophores - the "guest" coumarin 343 intercalated in the Mg-Al LDH "host" matrix 



22 
 

and subsequently the fabrication, by laser techniques, of functional thin films used in 

applications as detection sensors. 

  

Figure 4.2 Chemical structure of Coumarin 343 

Main property of the coumarin compounds is fluorescence displayed in UV light, this high 

photo-sensitivity being exploited in applications such as dye lasers [15], biological sensors [16] 

and anionic exchange [17]. 

 Formation of dye aggregates in the host matrix is an important problem in their use, hence 

to eliminate the aggregation of the chromophores, a second anion used as a surfactant is pre-

intercalated in the hydrotalcite matrix. By the introduction of this surfactant Dodecyl Sulfate 

(DS), the spacing between the layers increases and thus the large molecules of the dye anions can 

be intercalated between the layers of the Layered Double Hydroxide. 

 

Figure 4.3 Chemical structure of Dodecyl Sulfate -DS 

In order to determine the optimal parameters used in thin film deposition experiments, their 

properties will be compared with those of the starting material. 
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4.2 Sample preparation and experimental processing of materials  

4.2.1 Preparation of Layered Double-Hydroxide powders used as reference samples. 

Preparation of MgxAl LDH powder ( x = 2.5) 

4.2.2 Preparation of Mg/Al- LDH powders Dodecyl Sulfate (DS)-modified 

4.2.2.1 Preparation of Mg/Al- LDH powders Dodecyl Sulfate (DS)-modified by co-

precipitation 

The MgxAl LDH powder in the molar ratio Mg / Al = 2.5 and LDH with intercalated 

Dodecyl Sulfate Surfactant (DS SDS=NaCl12H23S) was obtained following a protocol used by 

Wei et al. [35] for intercalating L-tyrosine in NiAl , MgAl and ZnAl-LDH and improved by Du 

et al. [36] to produce NiAl-LDH with intercalated Dodecyl Sulfate anions. Two methods will be 

involved in making these powders: coprecipitation and reconstruction. 

 

Figure 4.4 Schematic representation of the route followed for obtaining PMg2.5Al-LDH 

and PMg2.5Al-DS LDH powder   

 



24 
 

4.2.2.3 Preparation of Mg/Al- LDH powders with intercalated coumarin  

  It has been preferred to prepare Mg / Al-LDH powders by coprecipitation and for coumarin 

intercalation between layers of LDH reconstitution from the coumarin aqueous solution in water 

was chose as method 

 

Figure 4.5 Schematic representation of the route followed for obtaining R-coumarin-Mg2.5Al-

LDH and R -Mg2.5Al-LDH powder  
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4.3 Thin films deposition of the hybrid organo-layered double hydroxides with guest 

molecules within LDH host matrix using Pulsed Laser Deposition 

4.3.1 Thin films deposition of Mg/Al- LDH Dodecyl Sulfate (DS)-modified  

The deposition experiments by PLD of LDH and LDH+DS thin films are synthesized in 

Table 4.1 

Target Mg2.5Al, PMg2.5Al-DS , RMg2.5Al-DS  

Laser type Nd:YAG laser 

Substrates Glass , Si (001) 

 

Laser wavelength (nm) 266 532 1064 

Spot size on the target (cm
2
) 0.01 

Laser fluence (J/cm
2
) 2 

Repetition rate (Hz) 10 

Target-substrate distance (cm) 4 

Number of pulses 20000 

Target rotation (rot/min) 40 

Pressure (mbar) ~10
-3

 – 10
-4

 mbar 

 

Table 4.1 Parameters used in Mg2.5Al, PMg2.5Al-DS and RMg2.5Al-DS thin film 

deposition on glass and Si (001) substrates   
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4.3.2 Thin films deposition of Mg/Al- LDH Coumarin-modified 

        The targets of Mg2.5Al&coumarin LDH used in PLD experiments were obtained by 

pressing the powders without heat treatment. 

The deposition experiments by PLD of LDH and LDH+Coumarin thin films are synthesized in 

Table 4.2 

Target Mg2.5Al-LDH and RMg2.5Al &coumarin-

LDH  

Laser type Nd:YAG laser 

Substrates Glass,Si (001) 

 

Laser wavelength (nm) 532 1064 

Spot size on the target (cm
2
) 0.01 

Laser fluence (J/cm
2
) 2 

Repetition rate (Hz) 10 

Target-substrate distance (cm) 4 

Number of pulses 20000 

Target rotation (rot/min) 40 

Pressure (mbar) ~10
-3

 – 10
-4

 mbar 

 

Table 4.2 Parameters used in Mg2.5Al-LDH and RMg2.5Al &coumarin-LDH thin film 

deposition on glass and Si (001) substrates 
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4.4 Results and discussions 

4.4.1 X-ray diffraction(XRD) 

4.4.1.1 XRD Characterization of PMg2.5Al, PMg2.5Al-DS and RMg2.5Al-DS powder  

 
 

 

Figure 4.6 Representative XRD patterns for the powders PMg2.5Al, PMg2.5Al-DS and 

RMg2.5Al-DS 

The XRD patterns of PMg2.5Al, PMg2.5Al-DS and RMg2.5Al-DS powders are presented 

in Fig 4.6. The spectra were recorded using the Bragg-Brentano configuration and the XRD 

patterns confirm the DS interlayer intercalation. The reference PMg2.5Al sample, exhibits a 

XRD pattern characteristic of a LDH material structure with a rhombohedral symmetry (JCPDS 

file 54-1029) and was Miller indexed in a hexagonal lattice. For the DS-modified samples a shift 

of the (003), (006), and (009) basal spacing reflections to lower 2 values occurred along with 

the preservation of the position of the brucite sheet (110) reflection. 

The calculated lattice parameters are obtained by a =2 x d110 and c = (3/2) x 

(d003+2d006), respectively. The interlayer free spacing (IS) was calculated by subtracting the 

Miyata’s reported brucite sheet thickness of 0.48 nm from the c/3, resulting values from Table 

4.3 The increase in the interlayer distance was estimated to be approximately 2.14 nm and 2.01 

nm, respectively, indicating that the DS is present in the interlayer space. 
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The Scherrer mean crystallites sizes were evaluated separately from the broadness of the 

(003) reflection, related to the c-axis along which the layers are stacked, and from the (110) 

reflection, related exclusively to the brucite-like sheets structure.  

 

Powder 

samples 

Phase 

comp. 

Structural data 

a / nm c / nm 
IS 

/nm 

D001 /  

nm 

D110 / 

nm 

Tilt 

angle 

PMg2.5Al 
LDH 

phase 
0.305 2.288 0.28 16 37 - 

PMg2.5Al-

DS 

DS-LDH 

phase 
0.304 7.877 2.14 8 37 90 

RMg2.5Al-

DS 

Dominant 

DS-LDH 
0.304 7.462 2.01 11 13 75 

 
Table 4.3 The phase composition and the structural data of LDH and DS-LDH powders 

 

The tilt angle of the intercalated anion was estimated using the formula proposed by Meyn 

et al [46]. 

The tilt angle higher for the RMg2.5Al-DS powder suggests a stronger electrostatic force 

between the layers and the interlayer anions in comparison with the PMg2.5Al-DS, hence a 

higher thermal stability. 

 

  
Figure 4.7 DS molecule representation and their interlayer intercalation 
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4.4.1.2 XRD Characterization of Mg2.5Al-LDH, RMg2.5Al and RMg2.5Al&coumarin 

powder  

         The analysis of XRD patterns (Fig 4.8) of Mg2.5Al-LDH, of reconstructed RMg2.5Al LDH 

and of RMg2.5Al&coumarin LDH samples exhibits sharp and align peaks characteristic at low 

angles, corresponding to the basal 00l reflection of the crystalline Layered Double Hydroxide 

structure. Weak intensity peaks are also visible at higher angles. No other peaks assigned to 

coumarin are present. 

 

Figure 4.8 Representative XRD patterns for the powders Mg2.5Al-LDH, RMg2.5Al and 

RMg2.5Al&coumarin 

The calculated lattice parameters are obtained by a =2 x d110 and c = (3/2) x 

(d003+2d006), respectively. The Scherrer mean crystallites sizes were evaluated separately from 

the broadness of the (003) reflection, related to the c-axis along which the layers are stacked, and 

from the (110) reflection, and the values resulting are depicted in Table 4.4 
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Powders Lattice parameters I003/I110 Crystallite size 

a (Å) c(Å) D003 (nm) D110(nm) 

Mg2.5Al-

LDH 

3.0454 22.7810 3.316 9 20 

Coumarine 

Mg2.5Al-

LDH 

3.0456 22.8433 3.840 13 21 

 

Table 4.4 The calculated lattice parameters obtained from XRD patterns of Mg2.5Al-

LDH&Coumarine and Mg2.5Al-LDH 

4.4.2 Thermogravimetric analysis and differential scanning calorimetry  

4.4.2.1 Thermogravimetric analysis and Differential Scanning Calorimetry (TG and 

DSC) of PMg2.5Al, PMg2.5Al-DS and RMg2.5Al-DS powders  

The effective intercalation of surfactant and thermal stability have been proven by 

thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) for all of self-

synthesized powders (Fig 4.9 and Table 4.5). 

Samples Loss of adsorbed 

water 

Release of interlayer 

water 

Layer 

Dexydroxylation &  

loss of interlayer 

carbonate 

Removal of 

interlayer residuals 

species 

Total 

weigh

t loss 

/ % 

Pristine -

LDH 

Weigh

t / % 

Temperatur

e 

domain / 
o
C 

[Tmax] 

Weigh

t / % 

Temperatur

e 

domain / 
o
C 

[Tmax] 

Weigh

t / % 

Temperatur

e 

domain / 
o
C 

[Tmax] 

Weigh

t / % 

Temperatur

e 

domain / 
o
C 

[Tmax] 

PMg2.5Al 2.5 Rt-135 

[107] 

13.4 135-300 

[250] 

27.2 300-800  

[440] 

0 800-1000 43.1 

DS-

modified -

LDH 

Loss of adsorbed and 

interlayer  water 

Release of interlayer 

water &organic 

portion of DS 

Layer 

Dexydroxylation &  

loss of anionic 

sulfate 

Removal of 

interlayer residuals 

species 

 

Weigh

t / % 

Temperatur

e 

domain / 
o
C 

 

Weigh

t / % 

Temperatur

e 

domain / 
o
C[Tmax] 

Weigh

t / % 

Temperatur

e 

domain / 
o
C 

[Tmax 

Weigh

t / % 

Temperatur

e 

domain / 
o
C 

[Tmax 

PMg2.5Al

-DS 

8.6 Rt-140 

[120] 

 

35.0 140-300 

[250] 

10.9 300-570 

[ 460] 

2.0 570-1000 

[670] 

56.5 

RMg2.5Al

-DS 

8.2 Rt-140 

[125] 

30.8 140-300 

[ 270] 

11.8 300-555 

[460] 

2.9 555-1000 

[700] 

53.7 

 

Table 4.5 Thermal analysis data of the DS-modified LDHs and of the pristine LDH 

powders 
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Comparison of TGA curves of PMg2.5Al, PMg2.5Al-DS and RMg2.5Al-DS confirm the 

intercalation of DS between the layers. 

 

 

Figure 4.9 TGA and DSC diagrams of the as prepared DS modified LDHs and pristine 

LDH powders 

 

4.4.2.2 Thermogravimetric analysis and Differential Scanning Calorimetry (TG and DSC) 

of Mg2.5Al-LDH and RMg2.5Al&coumarin LDH powders  

            Thermal analysis (Thermogravimetric - TG) and calorimetric (Differential Scanning 

Calorimetry - DSC) were used to determine the thermal stability and powder degradation 

processes of: 1) LDH containing hydrotalcite with chemical formula 

Mg2,5Al(OH)7(CO3)0,5(H2O)2,5 - abbreviated Mg2.5Al-LDH (CHT2,5) and 2) LDH with 

coumarin organic chromophore embedded between the layers. 

   Intercalation of coumarin 343 (C343) into the hydrotalcite of 

Mg2,5Al(OH)7(CO3)0,5(H2O)2,5 (CHT2.5) by reconstruction leads to a composite material, herein 

after referred to as RMg2.5Al&coumarin. Figure 4.10 b shows thermogravimetric (TG) analysis 

and differential scanning calorimetry (DSC) of RMg2.5Al&coumarin. Generally, the curve 

shape is close to that for Mg2.5A1 in Figure 4.10 a. 
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Figure 4.10 TGA and DSC diagrams of the Mg2.5Al-LDH and RMg2.5Al&coumarin LDH 

powders  

4.4.3 Analyze FT-IR 

4.4.3.1 Analyze FT-IR powders of Mg2.5Al, PMg2.5Al-DS and RMg2.5Al-DS 

  

Figure 4.11 FTIR spectra of PMg2.5Al LDH and DS modified Mg2.5Al LDH powders 

For all powders supposed to FTIR investigations, the broad absorption band in the 3500-

3700 cm
-1

 region is determined by the stretching vibrations of the hydroxyl group involved in the 

interactions between the lamellar structures. 

 The DS interlayer intercalation is supported in the FT-IR spectra of PMg2.5Al-DS and 

RMg2.5Al-DS by the appearance of bands assigned to DS counterions at 2918 and 2852 cm
-1

 



33 
 

corresponding to the CH2 stretching vibrations, along with bending vibration at 1480 cm
-1

[39, 

40]. 

       The characteristics SO4 symmetric vibrations could also be evidenced in the 1197-1059 cm
-1

 

band [43]. The CO3
2-

 asymmetric stretching mode, around 1360 cm
-1

 characteristic to the 

interlayer carbonates visible in PMg2.5Al spectrum is still observable in the DS modified 

Mg2.5Al LDH powders as a result of atmospheric contamination.  

4.4.3.2 FT-IR analysis of RMg2.5Al, RMg2.5Al&coumarin powder and of thin films 

deposited from RMg2.5Al&coumarin target 

           The spectra are typical for a LDH structure with a broad adsorption band at around 3500 

cm
-1

 due to O-H stretching of both hydroxide layers and interlayer water molecules. The band is 

the most visible as expected in the reconstructed RMg2.5Al-LDH.  

           Furthermore, for this sample vibrations modes related to water are visible: a shoulder 

around 3000-3100 cm
-1

 caused by the interaction between CO3
2-

 and H2O present in the gallery 

and H2O bending vibration around 1600 cm
-1

. 

          The bands characteristics to metal-oxygen in the brucite layer appearing below 700 cm-1 

are not so well defined in the above spectra.  

 

Figure 4.12 FTIR spectra of RMg2.5Al, RMg2.5Al&coumarin LDH powders and 

RMg2.5Al&coumarin thin films  

       

           The co-intercalation of CO3
2-

 anions along with coumarin molecule prevents the 

aggregation of dye molecules and maintains the size effect in PL behavior.  
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4.5 Characterization of thin films obtained by PLD  

4.5.1 XRD Characterization 

4.5.1.1 XRD characterization of pristine Mg 2.5 Al-LDH thin films obtained by PLD  

 Laser working at two laser harmonics (266, 532) and fundamental (1064 nm) was used to 

ablate the pristine PMg2.5Al target. Less organized structures are formed following ablation at 

266 nm laser wavelength. The c-parameters values included in Fig.4.13 are slightly larger 

compare to its corresponding PMg2.5Al target. 

 
 

Figure 4.13 Representative XRD patterns of LDH thin films grown by PLD at 266, 532 

and 1064 nm wavelengths 

 

4.5.1.2 XRD characterization of PMg 2.5 Al-DS and RMg 2.5 Al-DS obtained by PLD  

 

             The XRD patterns of the thin films deposited from the DS-modified Mg2.5Al targets 

exhibit quite less defined peaks or their absence, stating for the formation of less oriented 

structures and the partial delamination of the LDHs (Fig.4.14). Only the (006) peak could be 

discriminated in the XRD patterns. The (003) peak is hindered by the large absorption at low 

angle. The deposition at 532 nm apparently favored the formation of organized layered structure. 

The result is endorsed by the thermal analysis proving a high thermal stability of the PMg2.5Al 

powder in comparison with the PMg2.5Al-DS and RMg2.5Al-DS ones. 
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Figure 4.14 Representative XRD patterns of the (a) PMg2.5Al-DS films and (b) 

PMg2.5Al-DS films 

 

4.5.1.3 XRD characterization of R-coumarin-Mg2.5Al-LDH  

        Thin films of Mg2.5Al-LDH and R-coumarin-Mg2.5Al-LDH were analyzed by X-ray 

diffraction (Fig 4.15, 4.16). In the deposition process, an essential role is played by the 

absorption of coumarin in the UV with the maximum specific at λ = 440 nm, because this 

property can well explain the high crystallinity of the R-coumarin-Mg2.5Al-LDH films and large 

coherent length (D003 = 12 nm) for films deposited at 532 nm wavelength compared to thin film 

at 1064 nm, even if the deposition conditions (fluence and number of pulses) were the same. 

 

Figure 4.15 XRD patterns of the thin films deposited from the PMg 2.5 Al-LDH obtained 

using PLD at 266 nm, 532 nm and 1064 nm wavelengths 
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Figure 4.16 XRD patterns of the thin films deposited from the Coumarin-modified 

Mg2.5Al targets 

The c-parameters values and the size of the crystallites calculated from the X-ray 

Diffractogram are shown in Table 4.6 

 

Thin films Deposition 

parameters 

c(Å) D003 (nm) 

Mg2.5Al-

LDH 

532 nm 23.119 8 

1064 nm 23.369 9.5 

Coumarin-

Mg2.5Al-

LDH 

532 nm 23.177 12 

1064 nm 23.154 10 

 

Table 4.6 The calculated lattice parameters obtained from XRD patterns of Mg2.5Al-

LDH&Coumarine and Mg2.5Al-LDH thin films 
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4.5.2 FT-IR analysis  

 

4.5.2.1 FT-IR analysis of PMg 2.5 Al-DS and RMg 2.5 Al-DS thin films obtained by 

PLD  

 

 

Figure 4.17 FTIR spectra of the PMg2.5Al-LDH, PMg2.5Al-LDH-DS şi RMg2.5Al-LDH thin 

films deposited by PLD at different wavelengths: 1064 nm  (Fig a), 532 nm (Fig b) and 266 nm 

(Fig c) 

 

            FT-IR spectra of all the thin films deposited at the mentioned wavelengths presented in 

Fig. 4.17 show that the transferred films have the same structure as their respective LDH target. 

Stretching vibrations of S=O characteristic for DS, are clearly visible in all the thin films 

irrespective to the wavelength used for their deposition.  
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           Associated with the presence of the broad OH
-
 band in all thin films FT-IR spectra, these 

stands for the deposition of the DS-modified LDH with the conservation of the organic interlayer 

anion. Some particularities could be extracted from the FT-IR spectra which are in agreement 

with the XRD results: high intensity of the interlayer CO3
2-

 asymmetric stretching mode at 

1375 cm
-1

 and of the water OH
-
 stretching vibration of the metal hydroxide layer and interlayer 

water molecule around 3500 cm
-1

 for the PMg2.5Al film 

           Apparently, the FT-IR spectra of the thin films deposited at 532 nm are the closest to the 

FT-IR spectra of their respective targets-powders. 

 

4.6 Conclusions of Chapter 4  

This chapter is structured in several parts that highlight both the stages of obtaining 

powders and deposition as thin films from solid targets with Pulsed Laser Deposition, as well as 

their morphological and structural analysis. 

For the synthesis of the MgxAl (x = 2.5) Layer Double Hydroxide type used as reference 

samples, the co-precipitation method at low supersaturation and pH 10 was chosen. For the 

intercalation of Dodecyl Sulfate (DS) anion among lamellar layers of Layered Double 

Hydroxides, the co-precipitation and reconstruction at room temperature were selected as 

synthesis methods. 

The next step was to obtain the solid targets used in thin film deposition experiments. In 

order to preserve the lamellar structure and the functionality of the intercalated molecules in their 

structure, the application of a thermal treatment was avoided, the hydrotalcite targets being 

obtained by mechanical pressing at 3-4 atm. 

Thin films were deposited by PLD using three different wavelengths (1064 nm, 532 nm 

and 266 nm) and subsequently subjected to physico-chemical and morphological analyzes. 

The X-Ray Diffraction confirmed the intercalation of Dodecyl Sulfate into the structure of 

hydrotalcite powders. Also, with this method, the successful transfer of unmodified hydroxides 

as well as hybrid hydroxides characterized by the preservation of "guest" molecules in the form 

of thin films was confirmed. 

Fourier-Transform Infrared Spectroscopy (FTIR) analysis shows the specific structural 

characteristics of MgxAl (x=2.5) hydrotalcites and, furthermore, has the characteristics 

determined by total or partial intercalation of the guest molecule. This method confirmed the 
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intercalation of organic molecules but also their preservation after deposition of thin films. 

Optical investigations and analysis of post-measurement data confirm the results obtained with 

FTIR and XRD. 

The images obtained by SEM and AFM of thin film surfaces deposited at the three 

wavelengths exhibit specific features of lamellar structures, but also disordered structures 

dominated by conglomerates and characterized by high roughness, determined by the organic 

and chromophore components in their structure. 

          In summary, the fabrication of pristine Mg2.5Al thin film and dodecyl sulfate intercalated 

between layers of Mg2.5Al by pulsed laser deposition technique on silicon substrates was 

performed. Based on the results provided from XRD, FT-IR and thermogravimetric investigation 

techniques successful intercalation of dodecyl sulfate into galleries of LDHs was demonstrated. 

Complex Mg2.5Al LDHs or DS-modified Mg2.5Al thin films structure were successfully 

obtained.  

          The pulsed laser deposition technique proves to be a suitable technique for deposition of 

such complex structures. The role of the three selected wavelengths 266, 532 and 1064 nm of 

Nd: YAG laser for the transfer of pristine Mg2.5Al LDH and intercalated DS in Mg2.5Al LDHs 

with the conservation of the organic anion in the interlayer space was observed from FT-IR and 

XRD patterns.  

            The PLD deposition at 532 nm secured better the transfer of the structural properties of 

the Mg, Al-LDH and DS functionalized Mg, Al -LDHs thin films.  Therefore, this work provides 

a facile laboratory deposition method for fabrication of LDH thin films and organo-modified 

LDH thin films for the purpose of prospective application in corrosion protection coatings with 

oriented structure. 

            In conclusion, we have shown that the structural properties of coumarin dye within the 

Mg-Al layered double hydroxide thin films deposited by PLD are preserved.  

  

       Powder X-ray diffraction and FT-IR spectroscopy data demonstrated intercalation of 

coumarin in LDHs with a content of Mg/Al of 2.5. 

 

    The use of 532 nm wavelength laser for PLD deposition leads to  the conservation of the 

organic anion in the interlayer space. 

     Inorganic system provide good support for chromophore dyes and opens great routes for 

fabricating functional luminescent materials by laser methods. 
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CHAPTER 5 

 General conclusions and further work 

The last chapter of the doctoral thesis presents a summary of the main results obtained and 

reported in this study, reported to the initial objectives. 

The first two chapters describe the fundaments of the study topics and an introduction to 

the issues approached in this thesis. Experimental and theoretical aspects of thin film laser-based 

deposition techniques have been explained, and investigative methods have been described for 

understanding and describing phenomena involved during experimental processing. 

The main results presented in this paper and the original contributions can be synthesized 

as follows: 

In Chapter 3, a large class of solvents was investigated to obtain hybrid polymerically films 

containing antitumoral agent in their composition, interconnection of physicochemical and 

biological results confirming the ability of MAPLE technique to obtain thin films of soft 

polymeric materials. 

The deposition of PEG-PVA and PEG-PVA + curcumin thin films was performed by 

Matrix Assisted Pulsed Laser Evaporation on Si (001) and glass substrates. For these 

depositions, the Nd: YAG laser system was used at the 266 nm wavelength and a 10 Hz 

frequency and the laser fluence of 0.4 J / cm
2
. 

The concentration of copolymer and curcumin was kept constant at 3% wt. throughout all 

experiments, but several types of solvents were used: Chloroform, DMSO, H20, H2O+EtOH and 

Benzene. 

The obtained films were analyzed by Spectro-Ellipsometry and AFM to determine 

thickness and roughness and to study stability in aqueous media. A strong influence of the 

solvents on film thickness and roughness was observed. 

Atomic Force Microscopy (AFM) studies reveal the influence of solvents in MAPLE 

depositions; uniformly coated films are obtained in the case of Chloroform, DMSO and Benzene, 
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in contrast to water-based films and ethanol-water combinations characterized by unequally 

coatings in thickness and conglomerates spread randomly. 

Fourier Transform Infrared Spectroscopy (FTIR) confirms the preservation of the 

polymeric structure and biological agent after transfer to substrates, the physicochemical 

properties and thin film functionality being also maintained. 

We have demonstrated by Spectro-Ellipsometry and UV-Vis Spectro-Photometry studies 

the dependence of anti-tumoral agent release on the degree of degradability of thin films. 

Correlation of the results demonstrates that films characterized by rapid degradation also exhibit 

a sudden drug release, (thin films of PEG-PVA+curcuminDMSO). 

We have tested the anticancer properties by biologically evaluating PEG-PVA + curcumin 

films in terms of viability and cell proliferation of osteosarcoma cells MG-63. The results 

demonstrate the cytotoxic and antiproliferative potential as well as conditioning the results of the 

degree of degradation and the proportion of drug released in well-established time intervals. The 

most active thin film is PEG-PVA+curcuminDMSO.  

The above results revealed the anti-cancer character of thin PEG-PVA and PEG-PVA + 

curcumin films obtained by Matrix-Assisted Pulsed Laser Evaporation. 

Chapter 4 highlights the potential of PLD technique in deposition of hybrid thin films of 

Layered Double Hydroxides which have incorporated into their structure organic molecules and 

photo-functional chromophores. Also, here are presented structural properties (FTIR and X-Ray 

Diffraction), morphological (AFM and SEM studies), but also the optical characteristics (UV-

VIS spectroscopy studies) of powders and films. 

The synthesis of MgxAl (x = 2.5) Layer Double Hydroxide powders used as reference 

samples was performed. The co-precipitation method at low supersaturation and pH 10 was 

chosen for their preparation. Intercalation of Dodecyl Sulfate (DS) anion between the LDH 

layers was accomplished by two synthesis methods: co-precipitation and reconstruction in 

aqueous solution at room temperature. For the preparation of nanocomposite hydrotalcite 

powders functionalized with the "guest" molecule of the class of organic chromophores, 

reconstruction in aqueous solutions at room temperature was used. 
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The solid targets obtained from the powders synthesized in the first stage of the study were 

obtained, these being made by mechanical pressing to avoid damaging of the lamellar structure 

and the functionality resulting from the application of a thermal treatment. 

The deposition of thin films of Layered Double Hydroxides (LDH) containing organic 

anion of Dodecyl Sulphate and coumarin was performed by Pulsed Laser Deposition on Si (001) 

and Quartz substrates. For these depositions, the Nd: YAG laser system was used at three 

different wavelengths (1064 nm, 532 nm and 266 nm) at a frequency of 10 Hz and laser fluence 

of 2 J/cm
2
.  

The intercalation of organic molecules in powders has been confirmed, along with the 

preservation of their properties after thin film deposition. These has been proven by Fourier 

Transform Infrared Spectroscopy (FTIR) and X-ray Diffraction (XRD) investigations. 

Characteristics specific to hydrotalcites as well as those determined by the intercalation of 

"guest" molecules are highlighted by these methods. In conclusion, it can be said that the main 

objectives imposed at the beginning of this study were achieved, among which: 

a) Finding and optimization of experimental parameters suitable for the laser-based 

depositions; 

b) Successful employment of Pulse Laser Deposition (PLD) for the production of high 

quality thin films of Layer Double Hydroxides (LDH) and LDH with organic molecules and 

chromophores embedded used for various applications; 

c) Physico-chemical characterization in order to understand the complex phenomena that 

occur during the deposition; 

d) Successful employment of the matrix-assisted pulsed laser evaporation (MAPLE) for the 

fabrication of polymeric hybrid coatings; 

 e) The study of physico-chemical properties and in vitro testing of MAPLE films for 

medical applications; 

The results of this study, together with several issues that were not approached during this 

work, have opened a number of possible subjects for future research;  
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Investigation of other experimental parameters such as the modification in the number of 

pulses and the concentration of polymeric and biological materials in order to obtain and 

functionalization the PEG-PVA thin films with embedded curcumin; 

Investigation of antibacterial properties of polymeric hybrid coatings;  

Use of Pulsed Laser Deposition (PLD) technique directly for the deposition of LDH films 

from complexes targets containing both DS and chromophoric compounds; 
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